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ABSTRACT

Background. Orostachys spinosa (L.) Sweet. — a perennial plant of a wide habitat
and contains various metabolites (amino acids, flavonoids, polysaccharides, etc.).
Extracts from the aerial part of the plant are used in traditional medicine as an anti-
convulsant and sedative.

The aim of the work. To study the neuroprotective effect of O. spinosa in cholinergic
deficiency.

Materials and methods. The studies were carried out on 52 Wistar rats. The animals
were administered scopolamine (1 mg/kg) daily for 21 days, followed by O. spinosa dry
extract per os at a dose of 100 mg/kg for 14 days. On the day 32, the animals developed
a conditioned passive avoidance reflex (CPAR), the integrity of which was checked after
1, 24 and 72 hours; on the day 35 they were tested in an “open field” On the day 36,
biochemical and histological studies of the brain were carried out.

Results. It has been established that O. spinosa, against the background of sco-
polamine intoxication, reduces the anxiety of animals, stimulates exploratory ac-
tivity in the open field test, improves the production and preservation of the CPAR,
and also reduces the number of functionally inactive neurons (pyknotic and shad-
ow cells) in the cerebral cortex. The extract reduces the lactate/pyruvate ratio
by 47 %, intensifies the activity of mitochondrial complexes | and Il by 54-64 %,
and increases the concentration of adenosine triphosphate by 1.6 times compared
to the control. O. spinosa exhibits antioxidant properties by reducing malondialde-
hyde and increasing the activity of catalase, glutathione peroxidase and glutathione
reductase in the brain.

Conclusion. O. spinosa dry extract has a neuroprotective effect in cholinergic de-
ficiency. The studied extract exhibits antioxidant properties and stimulates energy
processes in the brain.
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PE3IOME

O6ocHosaHue. Orostachys spinosa (L.) Sweet — MHoO201emMHee pacmeHue, umeroujee
wupokul apeasn npouspacmarus u cooepxaujee pasaudHbie memabdonumel (amu-
HOKUC/I0Mbl, h71IaBOHOUObI, NOSIUCAXAPUOLI U Op.). M381eueHus u3 HadlemMHol Yacmu
pacmeHusa ucnosb3ylomcsa 8 mpacuyuoHHoOU MeduyuHe 8 Kayecmeae hpomueocyoo-
POXHO20 U Ce0amusH020 cpedcmad.

Lene pabomel. Viccnedosames HeliponpomekmusgHsie cgolicmaa O. spinosa npu xo-
JIUHep2u4eckol HeAoCMamoyHocMu.

Mamepuanel u memoosl. ViccnedosaHua nposedeHbl HA 52 Kpwbicax nuHuu Wistar.
XusomHsim exeOHesHO 8 meyveHue 21 OHA 88o0uslu ckonoaamuH (1 me/ke), danee
8 meyeHue 14 0Heli - per os O. spinosa skcmpakm cyxou 8 do3e 100 me/ke. Ha 32-e cym-
KU Y XKUBOMHbIX 8bIpabamelgasiu yco8HbIl pegriekc naccusHoz2o usbezarus (YPIIN),
COXPAHHOCMb KOMOPO20 Npos8epA/IU Yepes 1, 24 u 72 yaca; Ha 35-e cymku mecmupo-
84J1U 8 <OMKPLIMOM nosie». Ha 36-e cymxu nposoousiu buoxumuyeckue U 2ucmosioau-
yeckue uccse008aHuUsA 20/108HO20 MO32d.

Pesynemamel. YcmarossiieHo, ymo O. spinosa Ha ¢hoHe cKONoIaAMUHO80U UHMOK-
CUKayuu CHUXXaem mpegoxHOCMb XUBOMHbIX, CMUMYIUpyem ucc1e008amesbCKyto
aKmugHOCMb 8 «OMKPbLIMOM NoJiex, yydwdem 8blpdbomky u coxpaHHocme YPIIH,
a makxe CHuUxaem Kosiu4ecmao (yHKYUOHA/IbHO HEAKMUBHbIX HelpOHO8 (NUKHO-
muyecKkux U «k/iemok-meHeli») 8 Kope 60s1bLWIUX NOYWApuli 20/108HO20 MO32d. IKC-
mpakm CHuxaem coomHoweHue nakmam/nupysam Ha 47 %, uHmeHcuguyupyem
aKmugHOCMb MUMOXOHOPUAbHLIX Komniekcos | u Il Ha 54-64 %, ysenuyusaem
KOHYeHmpayuto adeHo3uHmpugocgpama 8 1,6 pasa no cpasHeHuUto ¢ KOHMPOJIEM.
O. spinosa nposgriigem aHMUOKCUOAHMHble c8olicmed, CHUXAs CoO0epXaHue Maso-
HO08020 duasbO0e2udd, N0BbILUAA AKMUBHOCMb KAMAA3bl, 2lyMamuoHNepoKcUOasbl
U 2JlymamuoHpedykmasbel 8 20/T08HOM MO32€.

3akmoyenue. O. spinosa skcmpakm cyxoli okassigaem HeliponpomexkmugHoe Oel-
cmasue npu xonuHepau4yeckom degpuyume. Viccnedyemolli SKCmpakm npossssem aH-
muoKcudaHmHsle caolicmad u cmumyiupyem 3Hepzemuyeckue npoyeccol 8 20/108-
HOM Mo32e.

Knioueesie cnoea: Orostachys spinosa (L.) Sweet, sxkcmpakm cyxod, Heliponpo-
mekmueHoe delicmeaue, CKONOJIAMUH 2UOPOX0puU0, XO/TUHepau4eckas Hedocma-
moyYyHoCmb

Ona unTuposBaHua: Pasyeaesa fA.[., Toponosa A.A., baaHpyeBa E.A., Hnkonaesa W.I.
NccnepoBaHve HeliponpoTeKTUBHbIX cBOWCTB Orostachys spinosa 3KCTpakTa Cyxoro
npw XoNMHeprnyeckom HegocTaTouHOCTU. Acta biomedica scientifica. 2024; 9(3): 213-221.
doi: 10.29413/ABS.2024-9.3.21
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According to the World Health Organization, the world
is experiencing demographic aging of the population.
As a result, the number of cerebral and neurodegenera-
tive diseases is increasing, and dementia and depression
are among the most common diseases of the elderly [1].
All this determines the need to develop new approaches
to finding rational treatment and prevention of the ner-
vous system diseases. In the prevention of neurological
diseases, herbal medicines deserve attention, which are
capable of having a polymodal effect on the body due
to a significant variety of metabolites [2].

In this regard, plants of the genus Orostachys are
of interest. Thus, extracts of O. japonicas, used in Japanese
and Korean traditional medicine as an adaptogenic agent,
have an inhibitory effect on acetylcholinesterase [3], exhib-
it an antioxidant effect [4], and also limit neuronal apopto-
sis [5]. Another perennial plant of the Crassulaceae family,
Orostachys spinosa(L.) Sweet, has similar properties.Itis used
in folk and traditional medicine of different peoples for dis-
eases of the gastrointestinal tract, respiratory and nervous
systems [6]. The main active compounds of O. spinosa are
amino acids, flavonoids, coumarins, polysaccharides, fatty
acids, etc. [7]. According to experimental studies, a liquid
extract from the herb O. spinosa exhibits anxiolytic, noot-
ropic, antihypoxic and stress-protective properties [8-10].
A dry extract was obtained from the above-ground part
of O. spinosa, which is characterized by a constant compo-
sition [11], exhibiting neuroprotective properties in experi-
mental cerebral ischemia [12]. In this regard, it is of interest
to evaluate the neuroprotective properties of O. spinosa
dry extract in modeling neurodegenerative disease.

THE AIM OF THE STUDY

To study the neuroprotective effect of Orostachys spi-
nosa dry extract in cholinergic deficiency.

MATERIALS AND METHODS

The studies were performed on 52 Wistar rats weigh-
ing 200-220 g. The animals were kept in accordance
with the Good Laboratory Practice (GLP) and the Resolu-
tion of the Russian Government No. 855 dated June 13,
2020. The research work was carried out in accordance
with the Rules adopted in the European Convention
for the Protection of Vertebrate Animals (Strasbourg, 1986).
The study protocol was approved by the Ethics Commit-
tee of the Institute of General and Experimental Biology
of the Siberian Branch of the Russian Academy of Sciences
(No. 2 dated December 1, 2020).

The object of the study was a dry extract obtained
from the above-ground part of O. spinosa by successive
three-fold extraction of crushed raw materials with 10 %
ethyl alcohol at a temperature of 60 °C, followed by filtra-
tion, evaporation and vacuum drying [8]. The extract was
standardized by the content of the free amino acids sum
in terms of glutamic acid, which should be at least 3.0 %.
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Ginkgo biloba leaf extract (tanakan, tablets; Beaufour
Ipsen Industrie, France) was used as a comparison drug.
The action of G. biloba preparations is based on antioxi-
dant properties and the ability to normalize neurotrans-
mitter and energy processes in the brain [13].

To model chronic cholinergic deficiency, animals
in the control and experimental groups were admin-
istered scopolamine hydrochloride intraperitoneally
at a dose of 1 mg/kg for 21 days [14]. Scopolamine hydro-
chloride is considered a non-selective muscarinic recep-
tor antagonist that causes cognitive impairment and elec-
trophysiological changes in the brain similar to those
seen in natural aging and Alzheimer’s disease [15]. Sco-
polamine also causes a number of cellular changes, in-
cluding antioxidant defense system disruption, increased
oxidative stress, mitochondrial dysfunction, apoptosis,
and neuroinflammation [16].

The animals were divided into four groups. The first
experimental group consisted of rats (n = 13), which after
a 21-day scopolamine injection were administered intra-
gastrically once a day for 14 days O. Spinose dry extract
ata dose of 100 mg/kg in the form of an aqueous solution
in a volume of 10 ml/kg. According to a similar scheme,
the animals of the second experimental group (n = 13)
were administered G. biloba extract at a dose of 100 mg/
kg, and the animals of the control group (n = 12) were
administered water in a volume of 10 ml/kg. In intact
control animals (n = 14), cholinergic insufficiency was not
modeled; they were administered physiological saline in-
traperitoneally for 21 days, then they were administered
water intragastrically in a volume of 10 ml/kg for 14 days.

On the 32" day, the animals were trained
in the conditioned passive avoidance reflex (CPAR)
test [14]; the conditioned reflex was tested after 1, 24,
and 72 hours. On the 35™ day, the animals were tested
in the open field [14]. On the 36 day after the start of test
extract administration, the animals were decapitated un-
der ether anesthesia, and the brain was removed for bio-
chemical and histological studies.

The intensity of lipid peroxidation processes was de-
termined by the content of malondialdehyde (MDA) [17];
the state of the antioxidant system - by the activity of cat-
alase (CAT) [18], glutathione peroxidase (GPO) and gluta-
thione reductase (GR) [19]. The effect of the studied agent
on energy processes in the brain was assessed by the con-
tent of adenosine triphosphate (ATP) [20], the activity
of NADH dehydrogenase (complex I) and succinate de-
hydrogenase (complex Il) [21, 22]. The glycolysis intensity
was characterized by the activity of pyruvate kinase (PK)
[23] and the content of lactate and pyruvate in the brain
homogenate [20].

Brain sections for histological examination were
prepared using a standard technique on an MS-2 micro-
tome (SPECTRO LAB, Russia), then stained with cresyl
violet according to Nissl [24]. In layers 1I-V of the brain
frontal cortex, the number of neurons was counted,
which were differentiated into normochromic, intense-
ly hypochromic, intensely hyperchromic (pyknotic),
and “shadow cells".
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Statistical data processing was performed using Sta-
tistica for Windows 6.0 (StatSoft Inc., USA). The conformity
of the analyzed features to the normal distribution law was
assessed using the Shapiro — Wilk criterion. The statistical
significance of differences between the data of the groups
was determined using Student’s t-test, provided that
the sample has a normal distribution; using the Mann -
Whitney criterion if the data do not obey the normal proba-
bility distribution. The data are presented as the arithmetic
mean (M) and the arithmetic mean error (m). To compare
the number of animals in the comparison groups, the Fish-
er's angular transformation @-test was used. Differences
between the experimental and control groups were con-
sidered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The results of testing animals in the “open field”
showed that scopolamine inhibits motor and exploratory
activity in animals (fig. 1), which is reduced by the O. spi-
nosa extract administration. Thus, in animals that were
administered O. spinosa extract, the number of entries
into the installation central squares increased by 2.1 times,

FIG. 1.

vertical stands and peeks into the “holes” — on average
1.7 times compared to the control values. At the same
time, in animals of the 2" experimental group, the num-
ber of central squares and the hole reflex were higher than
in the control, by 1.6 and 1.3 times, respectively. Against
the background of long-term scopolamine administra-
tion in animals of the 1% experimental group, the num-
ber of grooming acts decreased by 1.6 times compared
to the control value (fig. 1).

When O. spinosa extract was administered, CPAR
was formed in 100 % of animals and was retained after
24 and 72 hours in 92 and 77 % of animals, respectively
(fig. 2). In the 2" experimental group, the conditioned re-
flex was formed in the same way as in the control group,
in 75 % of animals, and by the 3 day it was retained in all
of these animals, while in the control group it was retained
only in 50 %.

It was found that multiple scopolamine injections
lead to a reduction in the energy potential of brain cells,
which is associated with a decrease in the intensity
of anaerobic and aerobic processes (fig. 3, 4). According
to the data presented in Figure 3, PK activity in the brain
homogenate of control animals decreased by 25 9%,
and the pyruvate content - by 22 % compared to theintact

Behavioral indicators of Wistar rats in the open field test in cholinergic insufficiency: a — horizontal activity; 6 — vertical activity; 8 —
hole reflex; 2 — anxiety indicators. Statistical significance of differences was determined using Mann - Whitney test: # — the differences
are statistically significant compared to the indicators of the intact group at p < 0.05; * — the differences are statistically significant
compared to the indicators of the control group at p < 0.05
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FIG. 2.

Number of Wistar rats with a conditioned passive avoidance re-
flex in cholinergic insufficiency. Statistical significance of differ-
ences was determined using Fisher’s ¢ test: # — the differences are
statistically significant compared to the indicators of the intact
group at p < 0.05; * - the differences are statistically significant
compared to the indicators of the control group at p < 0.05

control animals. Against the background of a decrease
in pyruvate concentration, the lactate level in the brain
of control animals was 2.5 + 0.19 umol/g of tissue, which
is 42 % higher than the intact value. As a result, the lac-
tate/pyruvate ratio in the control increased by 2.4 times,
reaching 17.6 + 0.88 (fig. 3). Also, in the control, the activ-
ities of mitochondrial complexes | and Il decreased two-
fold, as a result, the ATP concentration in the brain was
0.7 + 0.08 umol/g tissue, which is 2.4 times lower than
the intact value (fig. 4).

Against the background of the O. Spinose dry extract
use, the PK activity increased by only 13 %, and the py-
ruvate content almost corresponded to that in the con-
trol animals (fig. 3). At the same time, the lactate level
in animals of the 1%t experimental group was 48 % lower
than the control value and corresponded to that in an-
imals of the intact control. As a result, the lactate/pyru-
vate ratio in animals of this experimental group was 47 %
lower than in the control, while in the 2" experimental
group it was 35 %. The activities of mitochondrial com-
plexes | and Il in rats administered with O. spinosa extract
were higher by 57 and 64 %, and G. biloba extract by 87
and 20 %, respectively, than in the control (fig. 4). As a re-
sult, the ATP content in the brain of animals of the exper-
imental groups increased on average by 1.6 times com-
pared to the control value.

Energy metabolism disorders that develop with cho-
linergic insufficiency contribute to increased production
of free radicals, as well as inhibition of the activity of an-
tioxidant enzymes [16], which leads to irreversible pro-
cesses and neuronal death.Thus, in animals of the control
group, against the background of an increase in the MDA
content (by 2.2 times), a decrease in the activity of anti-
oxidant enzymes is observed: CAT by 42 %, GPO by 67 %
and GR by 52 %, relative to the indicators in intact control
animals (table 1).

20 # 0,2

15 ~o o— %t 0,15
10 ’_} 0,1
5 s " X * 5| [+ 005
Intact Control  O.spinosa  G. biloba
C— PK, pmol/min/mg of protein
EEEE | 5ctate, umol/g of tissue

Lactate/pyruvate

0= Pyruvate, umol/g of tissue

FIG. 3.

Glycolysis indicators in the Wistar rats brain in cholinergic insuf-
ficiency. Data are presented as arithmetic mean (M) and arith-
metic mean error (m). Statistical significance of differences was
determined using Student’s t-test: # — the differences are statis-
tically significant compared to the indicators of the intact group
at p < 0.05; * - the differences are statistically significant com-
pared to the indicators of the control group at p < 0.05

Amid the administration of extracts, a decrease
in the MDA concentration in the brain homogenate
by 25-30 % was noted compared to the control in-
dicator. The activity of enzymes — CAT, GPO and GR -
in the brain tissue of animals of the 1% experimental
group increased by 36, 78 and 32 %, the 2" experimen-
tal group - by 67, 68 and 34 %, respectively, compared
to those in the control animals.

Pathomorphological studies of the cerebral cortex
showed that against the background of long-term sco-
polamine hydrochloride administration, most neurons
in layers II-V decreased in size, the nuclei and cytoplasm
appeared uniformly stained, the apical dendrite became
thinner and could be traced over a long distance, “spiral-
ly twisting” (fig. 6a). On average, the number of intense-
ly hyperchromic neurons in layers II-V was 77 % great-
er than the intact indicator, amounting to 10.6 + 1.35 %
of the total number of neurons (fig. 5). A greater number
of“shadow cells” (by 48 %) were also observed; these neu-
rons showed karyolysis amid homogeneous cytoplasm
due to chromatolysis. Most “shadow cells” were subject
to satellitosis and neuronophagy.

In animals that received the extracts under study,
the pathomorphological picture of the cerebral cor-
tex did not look as “mosaic” as in animals of the control
group. Pyknotic neurons were detected singly, in most
cases only in layers lll and V (fig. 6 6, B). Their number was
on average 2.0 times lower than in the control. “Shad-
ow cells” and the accompanying processes of satellitosis
and neuronophagy were observed much less frequent-
ly, but in all cerebral cortex layers. Due to the decrease
in the total number of regressive neurons, the number
of normochromic cells in animals of the 1t experimental
group was 11 % higher than in the control.

Thus, O. spinosa dry extract against the back-
ground of long-term cholinergic insufficiency has
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FIG. 4.

Activity of mitochondrial complexes | and Il and ATP content
in the Wistar rats brain in cholinergic insufficiency. Data are pre-
sented as arithmetic mean (M) and arithmetic mean error (m).
Statistical significance of differences was determined using Stu-
dent’s t-test: # — the differences are statistically significant com-
pared to the indicators of the intact group at p < 0.05; * - the dif-
ferences are statistically significant compared to the indicators
of the control group at p < 0.05

an antiamnestic effect and normalizes the emotional
state of animals; in particular, itimproves the formation
and preservation of conditioned reflexes, and stimu-
lates orientation-exploratory activity. O. spinosa ex-
tract increases the brain resistance to the toxic effect
of scopolamine, limiting the number of regressive
forms of neurons (hyperchromic and “shadow cells”)
and increasing the number of functional neurons
in the cerebral cortex. Neuroprotective effect of O. spi-
nose extract is associated with its ability to influ-
ence the functional activity of NADH dehydrogenase
and succinate dehydrogenase complexes of the mi-
tochondrial respiratory chain, correct the processes
of aerobic glycolysis, reduce the content of MDA prod-
ucts, increase the intensity of the endogenous anti-
oxidant system by increasing the activity of enzymes
(GPO, GR and CAT) in the brain.

TABLE 1

FIG. 5.

Morphometric parameters of neurons in the cerebral cortex
of Wistar rats in cholinergic insufficiency. Data are presented
as arithmetic mean (M) and arithmetic mean error (m). Statistical
significance of differences was determined using Student’s t-test:
# — the differences are statistically significant compared to the
indicators of the intact group at p < 0.05; * — the differences are
statistically significant compared to the indicators of the control
group atp < 0.05

The identified neuroprotective effect of the O. spinosa
dry extract is due to the presence of various compounds,
among which flavonoids, amino acids, polysaccharides
and coumarins predominate. O. spinosa metabolites help
to inhibit dysfunction of the cholinergic system and oxida-
tive stress. Thus, myricetin showed pronounced neuropro-
tective activity in the scopolamine model of Alzheimer’s
[25]. This flavonoid exhibits an antiamnestic effect in con-
ditions of cognitive impairment caused by chronic stress
[26], as well as amid the administration of streptozotocin
[27] and D-galactose [28]. The flavonoid luteolin identi-
fied in O. spinosa exhibits a neuroprotective effect. Lute-
olin reduces cognitive dysfunction in rats with Alzheimer’s
disease by removing oxygen free radicals, increasing anti-
oxidant potential, reducing NF-kB and BACE1 expression,
and decreasing AP deposition [29]. A certain contribution
to the neuroprotective effect of the studied extract is made

INDICATORS OF THE PRO- AND ANTIOXIDANT SYSTEM OF THE WISTAR RATS BRAIN IN CHOLINERGIC

INSUFFICIENCY, M + M

Group MDA, CAT, ~ GPO, _ _ GR, .
pmol/g of tissue pmol/min/g of tissue  nmol/min/mg of protein nmol/min/mg of protein
Intact 8.4 +0.55 11.0+0.70 49.2 £2.50 63.1£6.36
Control 18.7 £0.97% 6.4+0.12* 16.4 +1.10* 30.2+2.01*
O. spinosa 14.0 £ 1.15% 8.7 £ 0.34* 29.2 +£1.78* 400+ 1.11*
G. biloba 13.0+£1.19% 10.7 £ 0.30% 27.5+2.10* 404 +2.40

Note. The statistical significance of the differences was determined using Student’s

t-test: # - differences are statistically significant relative to the indicators of the

intact group at p < 0.05; * - differences are statistically significant relative to the indicators of the control group at p < 0.05.
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FIG. 6.

Microphotographs of Wistar rats cerebral cortex in long-term cholinergic insufficiency (Nissl cresyl violet staining, magnification x200):

a - control; 6 — O. spinose; 8 — G. biloba

by coumarins, which, due to their antiplatelet and antico-
agulant properties, help to normalize cerebral blood flow.
The neuroprotective effect of coumarins is also realized
by inhibiting oxidative stress and neuroinflammation [30].
Amino acids and polysaccharides contained in the O. spi-
nosa extract also have pharmacotherapeutic efficacy
in the treatment of nervous system diseases through var-
ious mechanisms, including inhibition of oxidative stress,
neuroinflammation, cellular apoptosis, and excitotoxicity
[31, 32].

CONCLUSION

Thus, the O. spinosa dry extract exhibits neuroprotec-
tive properties with long-term scopolamine administra-
tion, preventing the development of “anxiety” in animals,
improving learning and memory processes amid limiting
changes in the cerebral cortex neurons. The neuropro-
tective effect of the O. spinosa dry extract is associated
with its ability to stimulate the antioxidant system activity
and metabolic processes in the brain.

Funding

The research was carried out as part of the state task
for the project FWSM-2021-0005 (state registration num-
ber 121030100227-7).

Conflicts of interest
No apparent and potential conflicts of interests rele-
vant to this article reported.

REFERENCES

1. World Health Organization. Ageing and health. URL:
https://www.who.int/news-room/fact-sheets/detail/age-
ing-and-health [date of access: 11-01-2023].

2. Bommakanti V, Puthenparambil Ajikumar A, Sivi
CM, Prakash G, Mundanat AS, Ahmad F, et al. An overview
of herbal nutraceuticals, their extraction, formulation,

therapeutic effects and potential toxicity. Separations.
2023; 10(3): 177. doi: 10.3390/separations10030177

3. Kim JH, Lee SH, Lee HW, Sun YN, Jang WH, Yang SY,
et al. (-)-Epicatechin derivate from Orostachys japonicus
as potential inhibitor of the human butyrylcholinesterase.
Int J Biol Macromol. 2016; 91: 1033-1039. doi: 10.1016/j.
ijbiomac.2016.06.069

4. Lee JH, Lee SJ, Park S, Kim HK, Jeong WY, Choi JY,
et al. Characterisation of flavonoids in Orostachys japoni-
cus A. Berger using HPLC-MS/MS: Contribution to the over-
all antioxidant effect. Food Chem. 2011; 124(4): 1627-1633.
doi: 10.1016/j.food-chem.2010.08.031

5. Hassan MHA, Elwekeel A, Moawad A, AfifiN, Amin E,
Amir DE. Phytochemical constituents and biological ac-
tivity of selected genera of family Crassulaceae: A re-
view. S Afr J Bot. 2021; 141(2021): 383-404. doi: 10.1016/j.
$ajb.2021.05.016

6. Budantsev AL, Lesiovskaya EE. Wild-growing useful
plants of Russia. St. Petersburg; 2001. (In Russ.). [ByaaH-
ues AJl., Jlecnosckas E.E. [lnkopacTtyuwme nonesHble pac-
TeHuna Poccun. CM6: CMOXA; 2001].

7. Nikolaeva IG, Tsybiktarova LP, Nikolaeva GG, Man-
zhigeev PG. The phytochemical investigation of the aerial
part of Orostachys spinosa (L.) Sweet. Journal of Phar-
maceuticals Quality Assurance Issues. 2018; 22(4): 52-56.
(In Russ.). [Hukonaea W.I., Libibuktaposa J1.M., H1ukonae-
Ba I, Manxurees [.I. OuTtoxmmmnyeckoe nccnepoBaHmne
HaA3eMHOW YacTy FOPHOKOJIOCHUKA Konto4ero. Bonpocel
obecnedyeHUs Kadyecmea nekapcmeeHHbix cpedcms. 2018;
22(4): 52-56].

8. Usov LA, Leventa Al, Odinets AD. Anxiety and mem-
orable effects of extract from Orostachis spinosa and Rho-
dodendron Adamsii in experiment on laboratory animals.
Siberian Medical Journal (Irkutsk). 2010; 96(5): 125-128.
(In Russ.). [YcoB J1.A., lleBeHTa A.N., Oguney A 1. AHKcnonu-
TUYECK/E Y MHEMOTPOTHblE 3 dEKTbI U3BNIEUEHNI U3 FOpP-
HOKOJTOCHMKa U pofoAeHAPOHa AfjaMca B SKCNeprMeHTe
Ha N1abopaTOpPHbIX KMBOTHbIX. CubUpcKul MeduyuHCKUl
XypHan (Mpkymck). 2010; 96(5): 125-128].

9. Odinets AD, Leventa Al, Shukin DA, Shabaturova OV.
Antihypoxic action of preparations from vegetable raw

219

Pharmacology and pharmacy



materials of the Baikalian Siberia. Siberian Medical Journal
(Irkutsk).2011; 104(5): 112-115. (In Russ.). [OgnHey A.[., Je-
BeHTa AW, Wykun J.A., Wabatyposa O.B. K aHTurnnokcn-
yeKoMy [eCTBUMIO NMpPenapaToB N3 PACTUTENIbHOMO CbiPbs
bankanbckori Cnbvpun. Cubupckuli MeOUYUHCKUU XypHas
(Mpkymck). 2011; 104(5): 112-115].

10. Odinets AD, Usov LA, lzatulin AV, Leven-
ta Al, Shabaturova OV. Influence of the preparations
of Orostachys spinose (pallas) Fich. And Rhododenron ad-
amsii Rhed. on a course of stress-reaction of experimental
animals. Acta biomedica scientifica. 2010; 76(6): 175-181.
(In Russ.). [OgnHey A.[., YcoB J1.A., i3aTynuH A.B., JleBeHTa
AM., Wabatyposa O.B. BnusiHue npenapatoB U3 ropHOKO-
JTOCHVKA KOJIOYero 1 poaofeHapoHa AfaMmca Ha TeueHne
CTpecc-peakLumn 3SKCNepUMEHTalbHbIX >KMBOTHbIX. Acta
biomedica scientifica. 2010; 76(6): 175-1811].

11. Nikolaeva IG, Khobrakova VB, Razuvaeva YaG, Ni-
kolaeva GG, Nikolaev SM, Tsybiktarova LP, et al. Method
for producing a drug with neuroprotective, immunomod-
ulatory activity: Patent No. 2784435 of the Russian Federa-
tion. 2022; (3). (In Russ.). [Hukonaesa W.I., Xobpakosa B.b.,
Pasyeaesa fl.I, Hukonaesa Il., Hukonaes C.M., LIbi6bukTa-
pogaJl.l., u gp.Cnocob nonyuyeHnsa cpencTsa, obnagatoLe-
ro HernpoOnpPOTEKTUBHOWN, MMMYHOMOZYMPYIOLWEN aKTUB-
HocTblo: MaT. 2784435 Poc. Oegepauns; MIMNK A61K 36/41
(2006.01), A61K 127/00 (2006.01), A61K133/00(2006.01),
A61K135/00(2006.01), A61P25/00(2006.01), A61P 37/02
(2006.01), BO1D 11/02 (2006.01); 3asBMTENb W NATEHTOO-
6nagatenb OIbYH MO3B CO PAH. No 022113385; 3aaBn.
18.05.2022; ony6n. 25.11.2022. bton. No 33].

12. Razuvaeva YaG, Bayandueva EA, Toropova AA,
Nikolaeva 1G. Studying of the anti-ischemic effect
of Orostachys spinosa dry extract in carotid arteries bilat-
eral occlusion in white rats. Problems of Biological, Medical
and Pharmaceutical Chemistry. 2022; 25(7): 3-8. (In Russ.).
[Pa3yBaeBa A.I., baaHayeBa E.A., ToponoBa A.A., Hnkonaesa
W.I. OueHKa NpOoTMBOULLEMNYECKOTO AENCTBUA SKCTPaKTa
cyxoro Orostachys spinosa npv 6unatepanbHOWN OKKI03UN
06LLUMX COHHbIX apTepuii y 6enbix KpbiC. Bonpocsl 6uosoau-
yeckol, MeouyuHckol u hapmauesmuueckol xumuu. 2022;
25(7): 3-8]. doi: 10.29296/25877313-2022-07-01

13. Nowak A, Kojder K, Zielonka-Brzezicka J, Wro-
bel J, Bosiacki M, Fabianska M, et al. The use of Ginkgo
biloba L. as a neuroprotective agent in the Alzheimer’s
disease. Front Pharmacol. 2021; 12: 775034. doi: 10.3389/
fphar.2021.775034

14. Mironov AN. Guidelines for conducting preclinical
studies of drugs. Moscow: Grif i K; 2012. (In Russ.). [Mupo-
HoB A.H. PyKOoBOACTBO MO NpoOBeAeHnI0 AOKINHUYECKIX
NCCNefoBaHWi NIeKapCTBEHHbIX cpeacTB. M.: Tpud un K;
2012].

15. Bajo R, Pusil S, Lopez ME, Canuet L, Pereda E,
Osipova D, et al. Scopolamine effects on functional brain
connectivity: A phar macological model of Alzheimer’s dis-
ease. Sci Rep. 2015; 5: 9748. doi: 10.1038/srep09748

16. Tang KS. The cellular and molecular processes
associated with scopolamine-induced memory deficit:
A model of Alzheimer’s biomarkers. Life Sci. 2019; 233:
116695. doi: 10.1016/.1fs.2019.116695

17. Kamyshnikov VS. Handbook of clinical
and biochemical studies and laboratory diagnostics. Mos-
cow: MEDpress-inform; 2009. (In Russ.). [KambiwHKKoB B.C.
CnpaBoOYHMK MO KJIMHUKO-BUOXMMMYECKM WCCIef0oBa-
HUAM 1 nabopaTopHon amarHocTuke. M.: ME[jnpecc-uH-
¢dopm; 2009].

18. Girin SV. Modification of the method for deter-
mining catalase activity in biological substrates. Labora-
tory diagnostics. 1999; 4: 45-46. (In Russ.). [TnpnH C.B. Mo-
andrKauma metofa onpefeneHnsa akTUBHOCTU KaTanasbl
B Ouonoruyecknx cybctpatax. JlabopamopHas oudzHo-
cmuka. 1999; 4: 45-46].

19. Pinto RE, Bartley W. The effect of age and sex
on glutathione reductase and glutation peroxidase ac-
tivities and aerobic glutathione oxidation in rat liver ho-
mogenates. Biochem J. 1969; 112(1): 109-115. doi: 10.1042/
bj1120109

20. Prokhorov MI (ed.). Methods of biochemical re-
search. Leningrad: Publishing House of Leningrad State
University; 1982. (In Russ.). [[Tpoxopos M.N. (peg.). MeTo-
Nbl BroXMMnYecknx nccnegosaHnin. J1.: isg-so JIIy; 1982].

21. Pollard AK, Craig EL, Chakrabarti L. Mitochon-
drial complex 1 activity measured by spectrophotome-
try is reduced across all brain regions in ageing and more
specifically in neurodegeneration. PLoS One. 2016; 11(6):
e0157405. doi: 10.1371/journal.pone.0157405

22. Spinazzi M, Casarin A, Pertegato V, Salviati L, An-
gelini C. Assessment of mitochondrial respiratory chain
enzymatic activities on tissues and cultured cells. Nat Pro-
toc. 2012; 7(6): 1235-1246. doi: 10.1038/nprot.2012.058

23. Osterman J, Fritz PJ, Wuntch T. Pyruvate kinase
isozymes from rat tissues. J Biol Chem. 1973; 248(3): 1011-
1018.

24. Korzhevsky DE, Gilyarov AV. Fundamentals
of histological techniques. St. Petersburg: SpetsLit; 2010.
(In Russ.). [KoprkeBckuin [.3., Tunapos A.B. OcHoBbI rnucTo-
nornyeckon TexHunku. Cre.: Cnewslut; 2010].

25. Wang B, Zhong Y, Gao C, Li J. Myricetin amelio-
rates scopolamine-induced memory impairment in mice
via inhibiting acetylcholinesterase and down-regulating
brain iron. Bioch Biophys Res Comm. 2017; 490(2): 336-342.
doi: 10.1016/j.bbrc.2017.06.045

26. Wang QM, Wang GL, Ma ZG. Protective effects
of myricetin on chronic stress-induced cognitive defi-
cits. Neuroreport. 2016; 27(9): 652-658. doi: 10.1097/
WNR.0000000000000591

27. Li J, Xiang H, Huang C, Lu J. Pharmacological
actions of myricetin in the nervous system: A compre-
hensive review of preclinical studies in animals and cell
models. Front Pharmacol. 2021; 12: 797298. doi: 10.3389/
fphar.2021.797298

28. Lei Y, Chen J, Zhang W, Fu W, Wu G, Wei H, et al.
In vivo investigation on the potential of galangin, kaemp-
ferol and myricetin for protection of d-galactose-induced
cognitive impairment. Food Chem. 2012; 135(4): 702-707.
doi: 10.1016/j.foodchem.2012.07.043

29. Kou JJ, Shi JZ, He YY, Hao JJ, Zhang HY, Luo DM,
et al. Luteolin alleviates cognitive impairment in Alzhei-
mer’s disease mouse model via inhibiting endoplasmic

220



ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 3

reticulum stress-dependent neuroinflammation. Acta
Pharmacol Sin. 2022; 43(4): 840-849. doi: 10.1038/s41401-
021-00702-8

30. BarchestaniZN, Rafieirad M.The effect of herniarin
on spatial working memory, pain threshold, and oxidative
stress in ischemic hypoperfusion model in rats. Caspian
J Neurol Sci. 2021; 7(1): 42-50. doi: 10.32598/CJNS.7.24.5

31. Xu XL, Li S, Zhang R, Le WD. Neuroprotective
effects of naturally sourced bioactive polysaccharides:

Information about the authors

An update. Neural Regen Res. 2022; 17(9): 1907-1912. doi:
10.4103/1673-5374.335142

32. ZhuY,Wang R, Fan Z, Luo D, Cai G, Li X, et al. Tau-
rine alleviates chronic social defeat stress-induced depres-
sion by protecting cortical neurons from dendritic spine
loss. Cell Mol Neurobiol. 2023; 43(2): 827-840. doi: 10.1007/
s10571-022-01218-3

Yanina G. Razuvaeva - Dr. Sc. (Biol.), Leading Research Officer at the Laboratory for the Safety of Biologically Active Substances, Institute of General and Experimental
Biology, Siberian Branch of the Russian Academy of Sciences; e-mail: tatur75@mail.ru, https://orcid.org/0000- 0001-7829-1424

Anyuta A. Toropova - Cand. Sc. (Biol.), Senior Research Officer at the Laboratory for the Safety of Biologically Active Substances, Institute of General and Experimental
Biology, Siberian Branch of the Russian Academy of Sciences; e-mail: anyuta-tor@mail.ru, https://orcid.org/0000-0003-2618-7777

Yelena A. Bayanduyeva - Postgraduate, Institute of General and Experimental Biology, Siberian Branch of the Russian Academy of Sciences; e-mail: baynduev@mail.ru,

https://orcid.org/0009-0009-4748-0068

Irina G. Nikolaeva - Dr. Sc. (Pharm.), Docent, Senior Research Officer at the Laboratory for the Safety of Biologically Active Substances, Institute of General and Experi-
mental Biology, Siberian Branch of the Russian Academy of Sciences; e-mail: i-nik@mail.ru, https://orcid.org/0000-0002-3476-1014

221

Pharmacology and pharmacy



